Introduction
============

Stellate ganglion blocks (SGB) are widely used for pain relief in outpatient clinics due to its many therapeutic indications and easy maneuvering. It is used locally over stellate ganglion territory disorders in the craniocervical (head and neck) or upper limbs and systemically for angina pectoris, psychosomatic disorders, hormonal disorders, or unbalanced sympathetic nervous system disorders \[[@B1]\]. Local anesthetic SGBs affect patient cardiovascular status through effects on the autonomic nervous system and can induce changes in heart rate. A previous animal experimental study reported that right stellectomy induced reduction of cardioacceleration on motion \[[@B2]\]. Another study demonstrated differences between left and right blocks and their effects on heart rate; the right stellate ganglion block (RSGB) decreased heart rate, while the left stellate ganglion block (LSGB) did not affect the rate \[[@B3]\]. Similarly, long QT syndrome (LQTS) patients who underwent LSGB had shorter QT intervals \[[@B4]\]. Conversely, another study suggested that unilateral SGB did not induce significant changes in the cardiovascular system in terms of rest and motion \[[@B5]\], and the effects of unilateral SGB on cardiovascular control are currently unclear. Heart rate variability (HRV) is a measure of variations in heart rate, and HRV analysis is based on non-invasive methods of differentiation between sympathetic and parasympathetic cardiovascular activity degrees. Power spectral analysis may adequately assess the activity of the autonomic nervous system and may reflect baroreceptor-evoked changes in the vagus nerve \[[@B6]-[@B9]\]. We evaluated the effects of unilateral SGB on the autonomic nervous system in head and neck pain patients through the monitoring of heart rate and HRV.

Materials and Methods
=====================

Adult patients with head and neck pain (65 years old or less) admitted to our pain relief clinic were used in the present study. All participants were carefully counseled about post-SGB sequelae and side effects, and all gave informed consent. A total of 20 subjects (5 men and 15 women) participated in the study, with a mean ± standard deviation (SD) age of 44 ± 14.8 years. A total of 89 SGB procedures were performed, including both RSGB (n = 40) and LSGB (n = 49). Participants with coagulation deficiencies, infections, hypertension, arrhythmias, diabetes, and autonomic nervous system disorders were excluded from further analysis.

Patients were at rest in a supine position for 5 minutes for the stellate ganglion block procedure. A low pillow was inserted underneath the shoulders in order to have the neck extended and the lower jaw relaxed. The puncture region was sanitized, and a 25 G needle was inserted via the anterior paratracheal approach and was advanced directly perpendicular to the anterior surface of the sixth cervical vertebral (C6) transverse process. After a negative aspirate for blood and cerebrospinal fluid, the stellate ganglion was blocked by slowly injecting 1% mepivacaine solution (6 ml). The puncture area was compressed with gauze toward the cauda for 5 minutes after the injection, and the patient procedure table was tilted with an elevated head rest. The efficacy of the stellate ganglion blockage was confirmed by the appearance of Horner\'s sign.

HRV was recorded for 256 seconds at 15 minutes before and after the SGB. An electrocardiogram (ECG) was continuously recorded using an EKG monitor (LXCJ103, LAXTHA, Korea) and the data was analyzed through a data analyzer (CANS3000, LAXTHA, Korea). Heart rate variables were evaluated before and after the SGB.

Common variables were used to compared time domain measures for HRV analysis, including mean heart rate, the standard deviation of the normal sinus to normal sinus (NN) intervals (SDNN), the square root of the mean sum of the square of differences between adjacent normal-to-normal intervals (RMSSD), the standard deviation of differences between adjacent normal-to-normal intervals (SDSD), and the proportion derived by dividing NN50 (the number of interval differences of successive NN intervals greater than 50 ms) by the total number of normal-to-normal intervals (pNN50). SDNN indicates the control capacity of the autonomic nervous system, while RMSSD, SDSD, and pNN50 reflect the activity of the parasympathetic nervous system. The measurements were evaluated by the log scale of total frequency (lnTF: 0-0.4 Hz), log scale of very low frequency (lnVLF: ≤ 0.04 Hz), log scale of low frequency (lnLF: 0.04-0.15 Hz), and log scale of high frequency (lnHF: 0.15-0.4 Hz), LF/HF ratio when times series (on the time domain) were transformed into frequency domain methods. TF represents the total distribution of R-R distance variations (particularly variance). This implies that HRV increases if TF increases, and vice versa. HF is the high-frequency power spectrum from 0.15 to 0.40 Hz, and primarily reflects parasympathetic nervous system activity. LF is low-frequency power spectrum from 0.04 to 0.15 Hz, and reflects both the sympathetic and parasympathetic nervous system activity. However, the sympathetic nervous system has greater influence on LF. The LF/HF ratio (the ratio of the low frequency power spectrum components to the high frequency components) represents the balance between the sympathetic and parasympathetic nervous systems; decreases in the LF/HF ratio suggests that balance is deflected to the parasympathetic nervous system. All variables were represented in mean ± SD values and were analyzed with the paired t-test by the SAS (v. 8.2) statistical program. Statistical significance was defined at P values \< 0.05.

Results
=======

There were no significant changes in HRV indices (heart rate, lnTF, lnVLF, lnLF, lnHF, the LF/HF ratio, SDNN, RMSSD, pNN50, SDSD) before and after the right stellate ganglion block ([Table 1](#T1){ref-type="table"}). The lnHF value (representing parasympathetic nervous system activity) was significantly decreased after left stellate ganglion block. There were no significant changes in heart rate, lnVLF, or lnTF (demonstrating control capacity of the autonomic nervous system) or in SDNN and LiLF (suggesting more predominant sympathetic influence over the parasympathetic nervous system). There were also no changes in RMSSD (reflecting parasympathetic nervous system activity), pNN50, and SDSD ([Table 1](#T1){ref-type="table"}).

Discussion
==========

Stellate ganglion blocks were operated on patients with head and neck pain in the present study. Right stellate ganglion block did not result in any significant changes in HR, lnTF, lnVLF, lnLF, lnHF, LF/HF ratio, SDNN, RMSSD, pNN50, and SDSD. Conversely, there was a significant increase in lnHF, suggesting the presence of increased parasympathetic nervous system activity after left stellate ganglion block. Additionally, there was a significant decrease in the LF/HF ratio, which indicated autonomic nervous system balance.

There are several methods used to assess autonomic nervous system effects on the cardiovascular system. The E:I (expiration: inspiration) ratio of heart rate on deep breathing, heart rate response during the Valsalva maneuver, and changes in heart rate due to changes in stature were used to assess cardiovagal function. Measurement of catecholaminergic solution, blood pressure responses on active standing or passive tilting, blood pressure responses during the Valsalva maneuver, the hand-grip test, the cold-stress test, and the microeneurograph (to assess muscle sympathetic nerve activity, or MSNA) were used to assess sympathetic nervous system function.

Heart rate variability (HRV) is a method used to assess autonomic nervous system function and its effects on the cardiovascular system by analyzing a time series of ECG-derived beat-to-beat intervals (the most common clinical procedure to assess this). Heart rate typically represents the number of heartbeats per minute; intervals between heartbeats are not typically uniform and tend to fluctuate. They reflect the influence of the autonomic nervous system and homeostatic mechanisms on the sinoatrial/sinus node. R-R intervals should be measured beat-by beat and arithmetic manipulations of R-R intervals should be applied to assess HRV \[[@B10],[@B11]\]

Sympathetic nervous system innervation to the heart is not equal to the left and right sides, and therefore the effects of stellate ganglion blocking are different as well. Efferent sympathetic nerves from the left stellate ganglion are distributed in the artrioventricular node and the myocardium (posterior to the left ventricle), while efferent sympathetic nerves from the right stellate ganglion are distributed in the sinus node and the myocardium (anterior to the left ventricle). Therefore, if the left stellate ganglion is blocked, then Therefore, the refractory period of the posterior left ventricle is extended if the left stellate ganglion is blocked \[[@B3],[@B12]\].

The effects of unilateral stellate ganglion block on cardiovascular control are unclear. A previous study suggested that 1% lidocaine administration to neuralgia patients resulted in a decreased heart rate with right stellate ganglion block and no significant changes in heart rate with left stellate ganglion block \[[@B3]\]. This is likely because the right stellate ganglion branch nerves are densely distributed on the sinus node. A right stellate ganglion block with 1% lidocaine also decreased heart rate \[[@B13]\]. Han et al. identified a decrease in the heart rate with left stellate ganglion block using 1% mepivacaine \[[@B14]\]. In contrast, Gardner et al. reported that unilateral stellate ganglion blocks did not influence the cardiovascular system \[[@B5]\]. Fujiki et al. also demonstrated that stellate ganglion block with mepivacaine on either side did not induce any changes in R-R and corrected QT intervals, and that the changes in R-R intervals demonstrated a positive correlation with the change in and amounts of lnHF and lnTF \[[@B15]\]. These data accordingly suggested that the vagus nerve was located near the stellate ganglion and both the sympathetic nerve and the parasympathetic vagus nerve was blocked. Goh et al. also reported that stellate ganglion block did not result in any changes in blood pressure and heart rate \[[@B16]\]. A study of patients with SGB adaptation syndrome demonstrated that both right and left stellate ganglion blocks did not induce any change in heart rate but did increase blood pressure \[[@B17]\]. Other studies have demonstrated the effects of stellate ganglia on heart rates with various results. In contrast, this study did not demonstrate any significant changes in heart rate by either left or right stellate ganglion block.

Fujiki et al. reported that right stellate ganglion block decreased lnLF, lnHF, and lnTF but that left stellate ganglion block did not result in any significant changes in HRV variables \[[@B15]\]. This finding is compatible with right-sided predominance of the autonomic innervation of the sinus mode. However, there were no significant differences after right stellate ganglion block in the present study. In contrast, left stellate ganglion block resulted in an increased lnHF and a decreased LF/HF ratio, suggesting parasympathetic nerve activity.

The effects of stellate ganglion block on the autonomic nervous system are usually clinically safe. However, some side effects are associated with ganglion block. Kimura et al. presented a series of serious blood pressure elevations where systolic arterial pressure exceeded 200 mmHg after stellate ganglion block, likely due to local anesthetic infiltration into adjacent tissues resulting in partial block of the vagus nerve and sympathetic accentuation to trigger an increase in blood pressure \[[@B18]\]. Ashok et al. reported cases of sinus arrest after stellate ganglion block, and suggested that sympathetic nerve block after stellate ganglion block resulted in parasympathetic accentuation to trigger asystole \[[@B19]\].

There are several reasons that stellate ganglion block affects the cardiovascular system. Stellate ganglion block will initially affect both the sympathetic and parasympathetic nervous systems based on the degree of block. The intensity of right stellate ganglion blockage of the sympathetic and parasympathetic nervous system will result in heart rate changes and altered activity of the sympathetic and parasympathetic nervous system. Efferent sympathetic innervation from the right stellate ganglion is primarily distributed over the sinus node of the heart, and the influence of the autonomic nervous system and left stellate ganglion block should be assessed. Further, results will be affected by the health status of participants.

Although efferent sympathetic nerves from the stellate ganglion are primarily distributed over the heart, efferent sympathetic fibers from the 2nd to 5th thoracic ganglia affect the heart as well. Accordingly, the autonomic nervous system of the heart is not completely dependent on the stellate ganglia. The influence of the autonomic nervous system cannot be excluded as well. It is worth noting that the mepivacaine in the present study was a lower dosage than those used in other studies. Finally, the autonomic nervous system varies in a unique, autonomous manner, and it is therefore difficult to assess changes in patients in a uniform manner or just through the application of one or two indicators. Future studies should examine diverse methods for the assessment of autonomic nervous system function.

Our study did not measure hemodynamic changes, and it is difficult to argue that heart rate variability alone caused sympathetic nerve activation. Unilateral stellate ganglion blocks were performed on patients with head and neck pain and heart rate and HRV were analyzed. Right stellate block did not result in any changes in sympathetic and parasympathetic nervous activity, whereas left stellate block induced increases in parasympathetic nervous system activity. Therefore, the influence of parasympathetic nervous activation on the cardiovascular system must be considered during a stellate ganglion block.
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Effects of Right and Left Stellate Ganglia Block on the Indices of Heart Rate Variability
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Results are expressed as mean ± SD values. RSGB: right stellate ganglion block, LSGB: left stellate ganglion block, HR: heart rate, lnVLF: log scale of very low frequency, lnLF: log scale of low frequency, lnHF: log scale of high frequency, lnTF: log scale of total power, SDNN: standard deviation of the normal sinus to normal sinus (NN) interval, RMSSD: square root of the mean sum of the square of differences between adjacent NN intervals, SDSD: standard deviation of differences between adjacent NN intervals, pNN50: the proportion derived by dividing NN50 by the total number of NN intervals. ^\*^P \< 0.05 when compared with before SGB.
